Objective: Glycaemic index (GI) reflects the postprandial glucose response of carbohydrate-containing foods. A diet with lower GI may improve glycaemic control in people with diabetes. The purpose of the present study was to evaluate the change in outcomes following a behavioural intervention which promoted lower-GI foods among adults with diabetes. Design: A pre-test-post-test control group design was used with participants randomly assigned to an immediate (experimental) or delayed (control) treatment group. The intervention included a 9-week, group-based intervention about carbohydrate and the glycaemic index. Dietary, anthropometric and metabolic measures were obtained pre/post-intervention in both groups and at 18-week follow-up for the immediate group. Setting: The study was conducted in a rural community in the north-eastern USA. Subjects: Adults having type 2 diabetes mellitus for $1 year, aged 40-70 years and not requiring insulin therapy (n 109) were recruited. Results: Following the intervention, mean dietary GI (P , 0?001), percentage of energy from total fat (P , 0?01) and total dietary fibre (P , 0?01) improved in the immediate compared with the delayed group. Mean BMI (P , 0?0001), fasting plasma glucose (P 5 0?03), postprandial glucose (P 5 0?02), fructosamine (P 5 0?02) and insulin sensitivity factor (P 5 0?04) also improved in the immediate group compared with the delayed group. Mean waist circumference among males (P , 0?01) and body weight among males and females (P , 0?01) were significantly different between treatment groups. Conclusions: Educating clients about carbohydrate and the glycaemic index can improve dietary intake and health outcomes among adults with type 2 diabetes.
Diabetes affects approximately 9?3 % of the US population (1) , and the number of people diagnosed with diabetes is projected to increase by 198 % in 2050 (2) . In people aged 35-64 years in the USA, excess mortality attributable to diabetes was 6-27 % in 2000 (3) . The need for effective strategies for managing diabetes and the subsequent sequelae are imperative.
Glycaemic index (GI) classifies carbohydrate-containing foods according to their glucose-raising potential, while glycaemic load (GL) reflects the total glycaemic effect of the diet (4, 5) . GL can be lowered by reducing the amount of carbohydrate consumed, by choosing foods with lower GI, or by a combination of approaches. A diet with lower GI or GL may improve outcomes among people with diabetes (6) . GI may play a role in preventing or treating type 2 diabetes by decreasing the risk for obesity or by altering metabolic endpoints (7, 8) . Improvements in glycaemic control were observed in people with diabetes in a recent meta-analysis (9) . A lower-GI diet was shown to decrease postprandial glucose and insulin responses (10) and improve serum lipid concentrations (11, 12) . Lower-GL diets were associated with decreased risk for type 2 diabetes (13, 14) , decreased levels of C-reactive protein and inflammation (15, 16) , and weight loss (8, 17) . Prior research has evaluated the effect of interventions regarding GI among overweight adolescents (18) , people with type 1 diabetes (19) and people with CVD (20) . However, few randomized controlled trials have evaluated a behavioural intervention which addressed GI and GL in the clinical management of adults with type 2 diabetes, a population who would likely benefit from a lower-GL diet (21, 22) . The change in dietary intake, markers of obesity and metabolic endpoints following an intervention which targets both the quantity and quality of carbohydrate requires further investigation. Therefore, the purpose of the present study was to implement a behavioural intervention which targeted the adoption of a lower-GL diet and evaluate the impact of the intervention. The intervention included training and skill-building in portion control and making lower-GI food choices in today's environment to achieve a lower-GL diet and did not provide food to participants.
Experimental methods

Research design
The study used a pre-test-post-test control group design in which participants were randomly assigned to an immediate or delayed group using a computer-generated random numbers table. The sequence of random allocation was concealed until the treatment group was assigned by programme staff. Due to the nature of the study, neither participants nor staff were blinded to group assignment.
Following the baseline assessment, the immediate group proceeded through a 9-week intervention. Participants in the delayed group served as a wait list control condition. All participants completed a second round of data collection at the end of the nine weeks. This 9-week treatment-control period served as an efficacy trial of the intervention by comparing initial differences between the experimental (immediate group) and control (delayed group) conditions following implementation of the intervention for the immediate group. Following data collection, the delayed group proceeded through the same 9-week intervention and a third round of data collection occurred at 18 weeks, after they had completed the intervention. Comparison of outcomes immediately before and after all participants completed the intervention enabled us to evaluate replication of the effects of the intervention between the immediate and delayed groups. The third assessment for the immediate group at the 18-week time point served as a measure of maintenance of change, as there was no contact between programme staff and participants during this period.
The study was designed to test the following hypotheses: (i) the immediate group would achieve greater improvement in outcomes than the delayed group during the initial 9-week treatment-control period; (ii) the delayed group would achieve similar improvements in outcomes as the immediate group at 18 weeks following the intervention; and (iii) the immediate group would sustain improvement in outcomes at 18 weeks during the maintenance period.
Subjects
Participants were eligible for the study if they were 40-70 years old, diagnosed with type 2 diabetes mellitus for at least one year, and did not require insulin therapy for diabetes management. Participants were recruited through local medical practices, newspaper and television advertisements, and the university newswire. All procedures were followed in accordance with the ethical standards of the sponsoring institution and participants provided written, informed consent.
Measures
Anthropometric, metabolic, physical activity and dietary measures were obtained. Height was measured using a wall-mounted stadiometer. The mean of two body weight measurements using a digital scale (Cardinal Scale Manufacturing Co., Webb City, MO, USA) with participants wearing light clothing and no shoes was determined. BMI, which measures weight adjusted for height, was calculated (kg/m 2 ). Two waist circumference measurements were obtained at each visit and the mean was determined. These measurements were made at the end of a normal expiration by placing a non-elastic tape in a horizontal plane at the narrowest part of the torso, midway between the lower border of the rib cage and the iliac crest.
An overnight 12 h fasting blood sample was drawn by venepuncture. Plasma was centrifuged within 1 h and kept at 48C until processing. Glucose and TAG were measured by standard enzymatic procedures and fructosamine was measured by colorimetric assay (Quest Diagnostics, Corporate HQ, Lyndhurst, NJ, USA). Serum insulin concentration was determined by RIA utilizing 125 I-labelled human insulin and human insulin antiserum (General Clinical Research Center, Hershey Medical Center, Hershey, PA, USA). Insulin sensitivity factor (ISF) was calculated according to the quantitative insulin sensitivity check index (23) . Participants were asked to record their blood glucose at home using a glucometer before and 1?5 to 2 h after each meal three days prior to assessment visits to estimate postprandial glucose excursions. An approximation of postprandial glucose excursions was calculated as the mean difference between pre-and postprandial glucose values across the three days.
A general-purpose measure of physical activity, the Seven-Day Physical Activity Recall, was conducted to assess energy expenditure. Participants were queried about the frequency, intensity, time and type of physical activity for the previous seven days; an estimate of total energy expenditure per day was calculated. This measure was previously found to provide reliable estimates of energy expenditure (24, 25) . Three sets of 24 h dietary recalls were conducted using the Minnesota Nutrition Data System for Research (NDS-R version 2006; Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN, USA) at each assessment period. A multiple-pass method was used to determine dietary intake and recalls took place on two weekdays and one weekend day selected at random over a two-week period. Each participant was provided with a two-dimensional food portion visual (2D Food Portion Visual; Nutrition Consulting Enterprises, Framingham, MA, USA) and instructed to use the visual and common household measures (e.g. measuring cups) to estimate portion sizes. The interviewers were blinded to treatment condition and had no face-to-face contact with study participants. Nutrient intakes of participants' diets were calculated based on the three-day mean from each assessment period. GI values were obtained from published sources (26) . Methods for assigning GI values to foods with unpublished values followed the procedures described elsewhere (27, 28) . Low-GI foods are defined as having a value ,56, medium-GI foods have a value of 56-69, and high-GI foods have a value $70 (29) .
Nutrition intervention
The intervention included nine weekly group sessions lasting 1?5 to 2 h each. A lower-GL diet can be achieved by limiting carbohydrate intake and/or by incorporating lower-GI foods into the diet. The intervention focused on selecting lower-GI foods instead of restricting carbohydrate intake to avoid severely restricting food groups with a low-carbohydrate diet. The 9-week curriculum progressed through the topics of self-monitoring food intake and blood glucose, monitoring portion sizes of food to control carbohydrate intake, goal-setting principles for establishing achievable goals, carbohydrate counting to control carbohydrate distribution and intake, making lower-GI food substitutions, factors which affect the GI value of food, and maintaining behavioural change. Participants set a self-selected goal at the end of most group sessions. The completion of written self-monitoring records was encouraged at least four days per week to help participants determine the impact of dietary change on glycaemic control. These monitoring records were reviewed weekly by programme staff and participants received individualized feedback.
Statistical analyses
The distributions of outcome variables were inspected for normality and met the assumptions required for subsequent analyses. Three participants were removed from the TAG analysis due to a value .8 mmol/l and two participants were removed from the insulin and ISF analyses due to an insulin value .650 pmol/l. ANOVA was used to compare the mean change between the immediate and delayed groups for the initial 9-week treatment-control period and for the pre-post intervention period. Comparison of change in outcomes was conducted between groups immediately before and after the intervention to determine replication of the effects of the intervention for the delayed group compared with the initial changes made by the immediate group. A paired t test was used to examine change in outcomes from the 9-week post-intervention assessment to the 18-week follow-up assessment for the immediate group only. All analyses were conducted using the SAS statistical software package version 9?1 (SAS Institute, Inc., Cary, NC, USA), and the level of significance was set at P , 0?05.
A primary purpose of the intervention was to promote the adoption of a lower-GL diet by encouraging the adoption of low-GI food choices. To detect a medium effect size between groups for dietary GI based on Cohen's criterion of 0?5 with 80 % probability (30) , the estimated sample size was 128 participants.
Results
One hundred and eighty-two people were assessed for eligibility via a telephone screening protocol. Forty-five of those did not meet inclusion criteria and twenty-eight were not interested in participating. One hundred and nine people were randomized, 103 participated in the intervention and ninety-nine completed data collection. There were no significant differences in demographic characteristics between those who did and did not complete the study.
There were no significant differences in sample characteristics (Table 1) , prescribed medications or the amount of physical activity reported between the immediate and delayed groups throughout the study. Participants attended a mean of 7?7 (SD 1?6) out of nine intervention sessions and kept self-monitoring records for a mean of 3?7 (SD 1?3) d/week with no difference in attendance or monitoring records between the immediate and delayed groups.
No differences in dietary intake were observed between groups at baseline ( Table 1) . During the initial 9-week treatment-control period, the mean change in GL for the immediate group was not significantly different from the delayed group (P 5 0?39; Table 2 ). The change in GI (P , 0?001), total dietary fibre (P 5 0?002) and the percentages of energy from protein (P 5 0?02), total fat (P 5 0?003), saturated fat (P 5 0?03) and monounsaturated fat (P 5 0?006) between groups was significantly different. The change in GI between groups represents a large effect size (30) . At 18 weeks following replication of the intervention for the delayed group, changes in nutrient intake in the delayed group were not significantly different from those made by the immediate group except for the percentage of energy from saturated fat (P 5 0?03). Total (P 5 0?03) and insoluble fibre density (P 5 0?02) declined significantly at 18 weeks during the maintenance period for the immediate group.
Both males and females in the immediate group lost weight, while participants in the delayed group gained weight during the initial 9-week treatment-control period (Table 3) . Similarly, males in the immediate group *Glycaemic load (GL) 5 (GI value of the food 3 grams of carbohydrate from the food)/100; summed for all foods to get daily glycaemic load, averaged over 3 d of intake.
-Glycaemic index (GI) 5 (grams of carbohydrate from food item/total daily grams of carbohydrate) 3 GI of the food item; summed for all foods to get daily GI, averaged over 3 d of intake. GI values are based on glucose as the reference with glucose 5 100. yInsulin sensitivity was calculated according to the quantitative insulin sensitivity check index (QUICKI 5 1/[log(I 0 ) 1 log(G 0 )], where I 0 is the fasting insulin (mU/ml) and G 0 is the fasting glucose (mg/dl)). ||Self-reported monitoring records collected before and after meals for 3 d. Twenty-nine participants in the immediate group and twenty-four in the delayed group provided complete records for this analysis (n 53). 0 ?87 *Comparison of change in scores using ANOVA between experimental (immediate) and control (delayed) groups following completion of the intervention by the immediate group (9-week assessment -baseline assessment for both groups).
-Change scores for the delayed group following completion of the intervention. ANOVA conducted to compare the change in scores for the immediate group following completion of the intervention (9-week assessment -baseline assessment) with the change in scores for the delayed group following completion of the intervention (18-week assessment -9-week assessment). No significant differences expected between groups.
--Change scores for the immediate group only at the follow-up assessment. Paired t test conducted to compare change in scores at 9 weeks with change in scores at 18 weeks. No significant differences expected between time points. yTwo participants in the delayed group failed to provide dietary recalls at the second assessment and could not be included in this analysis.
||One participant in the immediate group failed to provide dietary recalls at the second assessment and could not be included in this analysis. zGlycaemic load (GL) 5 (GI value of the food 3 grams of carbohydrate from the food)/100; summed for all foods to get daily glycaemic load, averaged over 3 d of intake.
**Glycaemic index (GI) 5 (grams of carbohydrate from food item/total daily grams of carbohydrate) 3 GI of the food item; summed for all foods to get daily GI, averaged over 3 d of intake. GI values are based on glucose as the reference with glucose 5 100.
Table 3
Mean change in anthropometric and metabolic measures, with their standard errors, by study period, among participants: 40-70-year-old adults having type 2 diabetes mellitus for *Comparison of change in scores using ANOVA between experimental (immediate) and control (delayed) groups following completion of the intervention by the immediate group (9-week assessment -baseline assessment for both groups).
--Change scores for the immediate group only at the follow-up assessment. Paired t test conducted to compare change in scores at 9 weeks with change in scores at 18 weeks. No significant differences expected between time points. yTwo participants in the delayed group failed to provide all measures following the intervention and were unavailable for this analysis.
||Two participants in the immediate group failed to provide all measures at the follow-up assessment and were unavailable for this analysis. zInsulin sensitivity was calculated according to the quantitative insulin sensitivity check index (QUICKI 5
, where I 0 is the fasting insulin (mU/ml) and G 0 is the fasting glucose (mg/dl)). **Self-reported monitoring records collected before and after meals for 3 d. Twenty-nine participants in the immediate group and twenty-four in the delayed group provided complete records for this analysis (n 53).
fructosamine, fasting plasma glucose and insulin increased in the delayed group during the control period. Likewise, insulin sensitivity decreased for the delayed group during the control period but increased for the immediate group. At 18 weeks, similar mean decreases in body weight, waist circumference, glucose, fructosamine and TAG were observed for the delayed group as for the immediate group following the intervention. At 18 weeks, a significant mean (SE) increase in waist circumference for females in the immediate group (1?7 (0?7) cm; P 5 0?02) was observed (Table 3) .
Discussion
Few studies have evaluated a behavioural intervention regarding GL in diabetes management. While there was not a significant difference in GL between groups following the intervention, participants' intake of dietary fibre and fat improved with a concomitant reduction in GI. The modest decline in GL was achieved without a significant decline in the percentage of energy from carbohydrate. Total fibre, particularly insoluble fibre, density increased. This may in part be due to decreased energy intake but also due to incorporating more high-fibre foods into the diet. There were small but significant increases in whole fruit and whole grain servings and a decrease in refined grain servings following the intervention (data not shown). In addition, a greater decline in GL may not have been feasible given the relatively low percentage of energy from carbohydrate in participants' diets at baseline. The GI and GL values in the present study were lower than many of the values reported previously for other population groups (28) . Estimates of dietary GI at baseline in the present study were similar to the GI achieved at study end previously (21, 22) . However, participants made further reductions in GI following the intervention, which incorporated meal planning activities to promote the substitution of lower-for higher-GI foods. Specific changes in servings of food groups consumed during the study are reported elsewhere (31) . Moreover, GI improved following the intervention even though the topic of GI was not discussed until week six of the 9-week intervention. Perhaps incorporating instruction about lower-GI substitutions into earlier lessons and/or giving a specific recommendation for the number of low-GI foods to consume daily would facilitate even greater improvements in dietary GI. Participants in the present study were encouraged to substitute lowerfor higher-GI foods but were not given a specific goal regarding the number of low-GI foods to consume. The modest decline in GI in the study may be realistic given the brief time frame available for participants to apply the concept of GI to food choices. Participants may need more than a few weeks to apply a new behaviour, receive feedback and realign their efforts even when specific goals are provided.
The change in dietary fat intake, particularly in the immediate group, was unexpected as dietary fat was not addressed during the intervention. Lower fat intake may be related to food choices characteristic of a lower-GI or -GL diet in general. Previous reports described a lower percentage of energy from fat among participants counselled to choose lower-GI foods (19, 21, 32) . Participants may have become aware of their fat intake and the overall quality of their diet through the self-monitoring emphasized. Prior research found that self-monitoring positively influenced weight control (33, 34) . While participants did not record fat intake in the present study, the recording of foods consumed likely helped participants focus on the quality of their food choices.
The differences in dietary outcomes were accompanied by changes in anthropometric outcomes. A reduction in weight and BMI in both men and women and a reduction in waist circumference in men occurred even though a low-energy diet was not prescribed and participants were not given a predetermined diet to follow. The weight reduction observed in the present study was similar to the change in weight (21?0 to 21?9 kg) in other short-term intervention studies (20, 21, 35, 36) . The emphasis on portion control in the current study likely facilitated the weight loss observed. Additional research is needed to determine whether a lower-GI or -GL diet can help people with diabetes achieve and sustain weight loss.
Improvements in glycaemic control also were observed following the intervention. The sample was in good glycaemic control at baseline based on the mean fasting glucose values. Glycosylated Hb (HbA1c) was not assessed for the study given the brief time period of the intervention. However, the mean fasting glucose value for the sample at baseline is equivalent to an HbA1c of 7?0 %. The American Diabetes Association recommends an HbA1c of ,7?0 % for people with diabetes to minimize the risk for microvascular and neuropathic complications (37) . A meta-analysis of lower-GI diets in diabetes management found a reduction in HbA1c of 0?43 % when compared with higher-GI diets (9) . The change in fasting glucose in the present study corresponds to a decrease in HbA1c of 0?3 % (38) . Future research is needed to determine the impact of the intervention in more poorly controlled diabetic patients. The changes obtained in the present study could translate into notable public health benefits at the population level.
Participants in the delayed group gained weight and experienced deterioration in fructosamine, fasting glucose and insulin prior to starting the intervention. Not only were reductions in anthropometric measures, glucose, insulin and fructosamine observed following the intervention, but these reductions compensated for the deterioration in outcomes during the initial 9-week control period. Our results suggest that, without intervention, the trajectory of change in weight and glycaemic control is worrisome and patients may continue to experience a decline in these outcomes. Educational methods for supporting patients with diabetes long-term beyond the immediate period following diagnosis are needed.
The decline in fibre intake and gain in waist circumference in females in the immediate group during the maintenance period following the intervention is concerning. Maintenance of behavioural change poses a challenge for most intervention studies (39, 40) . A recent meta-analysis of diabetes self-management education found that 23?6 h of contact between the educator and patient are required to achieve significant improvement in glycaemic control (41) . Identification of the most salient factors, methods and frequency of contact which promote long-term maintenance of change is greatly needed, especially for a complex disease such as diabetes that requires extensive self-management.
Several limitations of the study should be noted. The impact of nutrition education regarding the adoption of lower-GI foods on dietary intake and health outcomes should be determined in a culturally diverse sample. The sample in the present study included primarily Caucasians in good glycaemic control. The effectiveness of the intervention in a sample of adults with diabetes in poor glycaemic control or those newly diagnosed with the disease should be evaluated. The intervention provided addressed portion control, self-monitoring, and controlling both the quantity and quality of carbohydrate consumed. The impact of an intervention which targeted only the adoption of lower-GI foods without addressing the quantity of carbohydrate to consume also should be determined. Finally, the impact of an intervention which targets the adoption of lower-GI foods compared with an intervention which targets a different dietary or nutrient goal (e.g. a reduced-fat diet) cannot be determined from the present study.
In summary, nutrition education regarding the adoption of a lower-GI and -GL diet can improve nutrient intake and modest nutrient changes may be associated with improved body weight and metabolic outcomes in adults with type 2 diabetes. A lower-GI diet is not overly complex for participants to adopt, and dietary quality does not necessarily diminish with the adoption of a lower-GI diet. Improvements in outcomes likely require continued behavioural intervention and support to be maintained, especially for a chronic disease such as diabetes. Further research is needed to determine the most effective method and frequency of contact for maintaining behavioural change following a short-term intervention.
